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ABSTRACT:

Introduction: Type 2 Diabetes Mellitus (T2DM) is a metabolic disorder that leads to
insulin resistance and impaired glucose metabolism. There were many studies show
that Fatty Acid Binding proteins (FABPs), as FABP1 and FABP2 play an essential
role in metabolic regulation and biomarkers for T2DM. This study aims to
investigate the
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correlation between levels of FABP1 and FABP2 in the patients that suffer from Type 2
Diabetes.

Patients and Methods: This study involving 164 diabetic patients compared with 166
healthy controls. Blood samples were collected to measure the levels of FABP1 and
FABP2 by using enzyme-linked immunosorbent assay (ELISA). Also, routine work as
fasting blood glucose, HbAlc, lipid profile, fasting insulin, kidney profile, were also
measured for all participants.

Results: Levels of FABP1 and FABP2 proteins were higher in patients suffer from T2DM
compared with healthy controls (p<0.001). FABP1 and FABP2 also showed strong
positive correlations with lipid profile, HbAlc, fasting insulin, fasting glucose, waist
circumference, and weak negative correlations with eGFR and sleep duration. FABP1 and
FABP2 levels also high among diabetic patients with nephropathy, neuropathy,
retinopathy, and cardiac complications.

Conclusion: Receiver operating characteristic (ROC) curve analysis showed great
diagnostic performance for FABP1 (AUC =0.929) that indicates high sensitivity (97.0%)
across a wide range of specificity value (83.1%), and FABP2 (AUC = 0.910) that indicates
high sensitivity (87.8%) across a broad range of specificity value (76.5%)

INTRODUCTION

Type 2 Diabetes Mellitus is a global health concern that characterized by hyperglycemia that resulting from insulin resistanc e
and dysfunction of B-cells (1). More than 460 million people worldwide suffer from T2DM, and this number will be increasing
the next years (2). The pathogenesis of T2DM is a multifactorial process that results from interaction of genetic susceptibility,
environmental factors, and metabolic abnormalities (3). FABPs have attracted considerable research attention as a family of
intracellular lipid-binding proteins that involved in fatty acid uptake, intracellular transport, and metabolic homeostasis. (4,5).

FABPI (liver-type) and FABP2 (intestinal-type) have been linked to insulin resistance, obesity, and metabolic syndrome (6).
FABP1 is expressed in hepatocytes and affects lipid oxidation and fatty acid uptake (7,8). FABP2 is expressed in enterocytes
and contributes to metabolic inflammation, and absorption of intestinal fatty acid (9-12). Genetic variations in FABP2 have
been linked to increase the risk of insulin resistance and T2DM (13).

Increased levels of FABP1 and FABP2 have been associated with a wide range of metabolic disturbances, including
dyslipidemia, impaired glucose homeostasis, and increased systemic inflammation (25). There are many evidences suggests that
altered levels of FABP1 and FABP2 are associated with metabolic disorders, including dyslipidemia, impaired glucose
homeostasis, and increased systemic inflammation (14,15).

FABPI1 is predominantly expressed in hepatocytes that play an essential role in lipid metabolism and the regulation of hepatic
insulin sensitivity, and has been implicated in the development of hepatic steatosis and disruptions in lipid signaling pathways
(16,17). Genetic variation in FABP1 have been associated with increased hepatic fat accumulation and a greater susceptibility
to metabolic syndrome, conditions that are closely linked to the progression of T2DM (7). In contrast, FABP2 is predominantly
expressed in enterocytes and promotes intestinal fatty acid absorption, contributes to systemic inflammation, and also facilitates
the intracellular transport of dietary fatty acids (9).

Together, FABP1 and FABP2 represent key molecular links between lipid metabolism and glucose regulation (9,10,16).
Understanding how alterations in their expression or genetic variants contribute to insulin resistance provides important insights
into the mechanisms underlying metabolic dysfunction (8). These insights may help elucidate the mechanisms driving metabolic
disease and identify potential targets for therapeutic intervention, as well as potential markers for detection and monitoring of
T2DM (18).
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For thus this study aims to shed light on the role of FABPs in pathophysiology of diabetes, providing insights that could inform
future research or therapeutic strategies targeting these proteins. Moreover, Correlate the relationship between FABPs (FABP1
and FABP2) and Diabetes type 2 complications.

PATIENTS AND METHODS
Study Design

This study employed a cross-sectional design to investigate the correlation between Fatty Acid Binding Proteins 1 and 2 (FABP1
and FABP2) and Type 2 Diabetes Mellitus T2DM. This study compared biochemical and clinical variables between patients
diagnosed with T2DM and healthy non-diabetic controls.

Study Population
A total of 330 participants were included and divides into two groups:

e  Group 1 (Diabetic Patients): 164 patients diagnosed with diabetes Type 2, These individuals have abnormal blood
sugar levels, either high (hyperglycemia) or difficulty in managing blood glucose levels.

¢ Group 2 (Control Group): 166 healthy individuals with normal blood sugar levels. These individuals do not have
diabetes or any metabolic disorders affecting blood sugar/glucose

Biochemical Investigations

All participants will be subjected to full history, clinical examination, laboratory investigations as fasting blood glucose (FBQG),
postprandial blood glucose (2h pp), blood urea nitrogen and creatinine, HBA1c, serum insulin, and serum lipid profile were
done by automated chemistry analyzer (cobas® c311 analyzer).

Inclusion Criteria for patients
- Adults aged 18-70 years
- Patients of both sexes.
- Confirmed diagnosis of T2DM.

While the inclusion criteria for Control group were: Normal fasting glucose and HbA1c values, No chronic systemic
disease.

Exclusion Criteria

-Type 1 diabetes or gestational diabetes.

-Chronic liver or kidney disease.

-Acute infections, inflammatory conditions, or malignancies.
-Pregnancy or lactation.

-Use of medications affecting lipid metabolism.

Ethical Considerations

An approval will be taken from Faculty of Medicine Ain Shams University Research Ethical Committee before starting the
study, it’s Code: FMASU R275/2025.

Written informed consent was obtained from all participants prior to enrollment. Data were handled confidentially and
used exclusively for research purposes.

1. Blood Sample Collection

7ml of venous blood samples were collected from all participants after 812 hours of overnight fasting. Serum were
separated by centrifuge at 5000 rpm for 5 min and stored at (-80c) for FABP1 and FABP2 detection.
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2. Laboratory Measurements
Biochemical parameters:

Fasting blood glucose, HbA ¢, Fasting insulin, Complete blood count (Hb, WBCs), Renal Function Tests as creatinine
and eGFR was calculated by the CKD-EPI 202 1creatinine equation (19). (mL/min/1.73 m?) = 142 X (minimum of [Scr/
K, 1])"a x (maximum of [Scr/ «, 1])(-1.200) % (0.9938)*Age x 1.012 (if female).

FABP1 and FABP2 quantification

Levels of FABP1 (liver-type FABP) and FABP2 (intestinal-type FABP) were measured using commercially available
enzyme-linked immunosorbent assay (ELISA) kits, following the manufacturer’s protocols. All samples were analyzed in
duplicate to ensure consistency and accuracy. The catalog number for FABP1 and FABP2 were E3403Hu, DFBP20 and
were for FABP1 and FABP2 respectively.

3. Sample Size Estimation

This study aims to comparing FABP 1&2 in diabetics and non-diabetics. Hassan Etal (2022) (20) reported a mean FABP1
in controls was 2.2 +,- 0.43, while men FABP1 in diabetics was 3.25 +,- 0.74. A Total Sample Size of 330 participants (164
diabetics &166 healthy controls) will be needed for this study with alphalevel 5% & power 90%. Sample Size calculation
was done using “G. Power 3.1.9.2 program”

Statistical Analysis

Data was analyzed using IBM SPSS Statistics Version 22. Data was tested for normality using Kolmogorov-Smirnov test and
Shapiro-Wilk test. Quantitative data was presented as mean and standard deviation or median and range as appropriate while
qualitative data was presented as number and percentage. Independent sample t test was used to compare numerical variables
between study groups in normally distributed variables while Man Whitney test was used in non-normally distributed variables.
Analysis of variance or Kruskal Wallis test was used to compare FAB1 or FAB2 among more than two categorical variables.
Chi square or fisher exact as appropriate was used to compare categorical variables between study groups. Pearson correlation
coefficient was used to compare correlation between FAB1 or FAB2 and other numerical variables. ROC curve was used to
evaluate sensitivity and specificity of FAB1 and FAB2 as a potential biomarker for T2DM. P value set significant at 0.05 levels.
All tests were two tailed.

RESULTS

Table 1 showed a total of 330 individuals were included, including 164 patients withT2DM and 166 healthy controls. Statistical
analysis showed no significant differences between the two groups in terms of age (p=0.157) or gender distribution (p=0.912).
In contrast, patients with T2DM exhibited elevated systolic and diastolic blood pressure levels compared to healthy control
group (p<0.001 and p=0.018, respectively).

As presented in Table 1, diabetic participants also showed significantly higher body mass index values (31.504+4.87 vs.
27.04+2.42; p<0.001) and greater waist circumference measurements (101.57=11.05 vs. 92.43+7.89; p< 0.001) than healthy
controls. Moreover, a positive family history of diabetes was reported significantly more frequently among T2DM patients than
among control (49.4% vs. 16.9%, p<0.001).

Table 2 showed dictary and lifestyle habits differed significantly between two groups. Participants with T2DM were more
likely to consume moderate-to-high carbohydrate diets compared with healthy controls (51.8% vs. 28.9%, p <0.001), as well
as a higher prevalence of low dietary fiber consumption (53.0% vs. 21.7%, p <0.001).

Levels of physical activity were substantially lower among T2DM patients, with only 28% engaging in regular exercise compared
to 58.4% of controls (p<0.001). In addition, walking activity was significantly reduced in individuals with T2DM (20.1% vs.
64.5%, p<0.001). Furthermore, mean sleep duration was significantly reduced among diabetic participants compared to controls
(8.97+1.70 hours vs. 10.43+1.32 hours, p < 0.001).
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Table 3 showed biochemical analysis revealed marked differences between diabetic patients and healthy controls. Diabetic
participants had significantly elevated fasting plasma glucose (178.37+46.74 mg/dL vs. 94.52+12.36 mg/dL; p<0.001), levels
of fasting insulin (p<<0.001), and HbA1c percentages (7.82+1.19% vs. 4.05+£0.42%; p<0.001).

In addition, indicators of inflammation and metabolic imbalance as WBCs, triglycerides, and total cholesterol were also elevated
in diabetic group (all p <0.001). In contrast, ecGFR values were significantly reduced among the diabetic group compared with
control individuals (p <0.001). FABP1 and FABP2 concentrations: Levels of both FABP1 and FABP2 were both significantly
higher in T2DM patients compared with healthy controls.

Tabledshowed: Diabetes-Related Complications among patients with T2DM, several chronic complications were observed.
Diabetic nephropathy was present in 6.7% of cases, while cardiac complications, retinopathy, neuropathy were each reported
in 14% of the diabetic population.

Table 5 showed: ROC curve analysis demonstrated excellent discriminatory ability for both markers. FABP1 showed a high
area under the curve (AUC) of 0.929 (95% CI: 0.901-0.958; p <0.001) indicating high sensitivity value (97.0%) across a wide
range of specificity value (83.1%). Similarly, FABP2exhibied strong diagnostic performance, withan AUC of 0.910 (95% CI:
0.878-0.943; p < 0.001) indicating high sensitivity value (87.8%) across a broad range of specificity value (76.5%). Overall, these
findings support the high accuracy of FABP1 and FABP2 as biomarkers for effectively differentiating individuals with T2DM
from healthy controls.

Figure 1 showed: Positive correlation between FABP1 and fasting insulin levels. As FABP1 increases, fasting insulin also
tends to increase. The regression line (y =-3.2 + 0.34x), with an Rz value of 0.31 suggests a moderate correlation between the
FABPI and fasting insulin.

Figure 2 showed: Positive correlation between FABP2 and fasting insulin levels. As FABP2 increases, fasting insulin also
tends to increase. The regression line (y =-1.86 + 3.03x), with an Rz value of 0.319 suggests a moderate correlation between
the FABP2 and fasting insulin.

Figure 3 showed: The diagnostic performance of FABP1 in distinguishing individuals with type 2 diabetes from non-
diabetic individuals. The high sensitivity at lower values of 1-specificity suggests that FABP1 may serve as a useful biomarker
for the diagnosis of type 2 diabetes.

Figure 4 showed: The diagnostic performance of FABP2 in distinguishing individuals with type 2 diabetes from non-
diabetic individuals. The high sensitivity at lower values of 1-specificity suggests that FABP2 may serve as a useful biomarker
for the diagnosis of type 2 diabetes.

Table 1: Demographic characteristics among studied groups (diabetic patients and healthy controls)

Variables Diabetic Healthy Control Test * P value
N =164 % N=166 %
Age (MeantSd) 42.91+14.41 40.89+11.25 1.418%* 0.157
Gender Male 75 45.7 74 44.6 0.044 0.912
Female 89 543 92 554
Residence Urban 118 72.0 110 66.3 1.249 0.285
Rural 46 28.0 56 337
Smoking Non smoker 154 939 152 91.6 0.668 0.526
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X smoker

Family No

history Yes

SBP (Mean+ Sd)
DBP (Mean= Sd)
BMI (Mean+ Sd)
Waist (Mean+ Sd)

Duration

Median (Range)

&3 50.6
81 494

120.10+£5.30

76.91+4.09

31.50+4.87

101.57+11.05

20.0(1.0-60.0)

14 8.4

138 83.1
28 16.9

115.39+4.85

75.76+4.71

27.0442.42

92.43+7.89

(*) Chi square test, (**) Independent sample t test, p value set significant at <0.05

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, BMI: Body mass index.

39.45

8.422%*

2.380**

10.508**

8.631%*

Table 2: Lifestyle and Dietary characteristics among diabetic patients and healthy controls
Variables Diabetic (N=164)

Surrounding medical care
- No

- Yes

Number of meals / day

- 1 meal

- 2 meals

- 3 meals

- 4 meals

- 5 meals

Sleep hours (Mean + SD)

Night sleep

- No

- Yes

Diet type

- High carbohydrate

90 (54.9%)
74 (45.1%)

2 (1.2%)
103 (62.8%)
39 (23.8%)
19 (11.6%)
1(0.6%)
8.97 +1.70

78 (47.6%)
86 (52.4%)

8 (4.9%)

Natural Resources for Human Health (NRFHH)
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Healthy Control (N=166)

80 (48.2%)
86 (51.8%)

0(0.0%)
47 (28.3%)
89 (53.6%)
27 (16.3%)

3(1.8%)

10.43 +£1.32

77 (46.4%)
89 (53.6%)

3(1.8%)

Test* P value

1.476 0.228

45.104 <0.001

-8.738**  <0.001
0.046 0.912

27.299 <0.001

<0.001

<0.001

0.018

<0.001

<0.001
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- Low carb — high protein 37 (22.6%) 78 (47.0%)
- Low to moderate carb 34 (20.7%) 37 (22.3%)
- Moderate to high carb 85 (51.8%) 48 (28.9%)
Fiber intake 34.706 <0.001
- Low fiber 87 (53.0%) 36 (21.7%)
- High fiber 77 (47.0%) 130 (78.3%)
Exercise 31.017 <0.001
- No 118 (72.0%) 69 (41.6%)
- Yes 46 (28.0%) 97 (58.4%)
Walking 66.389 <0.001
- No 131 (79.9%) 59 (35.5%)
- Yes 33 (20.1%) 107 (64.5%)

(*) Chi square test, (**) Independent sample t test, p value set significant at <0.05, (*)Chi square test, p value set significant at
<0.05.

Table 3: Comparison between laboratory findings between Diabetic and healthy control groups
Variables Diabetic Healthy Control Test* P value

Hb (Median, Range) 12.15 (9.20-15.80) 10.60 (7.80-16.0) -5.672 <0.001

WBCs (Median, Range) 8.00 (3.40-12.0) = 6.30 (0.70-29.0) -4.359 <0.001
Creatinine (Median, Range) 0.85 (0.20-2.70)  1.00 (0.70-1.40) -4.586 <0.001
TG (Median, Range) 190.00 (87-300)  153.00 (121-245) -7.761 <0.001

CHOL (Median, Range)  189.00 (160-270)  168.00 (100-256) -8.896 <0.001
Fasting glucose (Mean + SD) 178.37 +46.74 94.52 £12.36  22.219 <0.001

Fasting insulin (Mean + SD) 10.63 +1.61 3.79+1.61 26.173 <0.001
HbAlc (Mean + SD) 7.82+£1.19 4.05+0.42 28256 <0.001

eGFR (Mean + SD) 80.65 £10.13 85.56 £5.67 -5.431 <0.001

FABP1 (Mean + SD) 35.76 £5.27 25.68 £3.94  19.663 <0.001

FABP2 (Mean + SD) 3.54 £ 0.57 2.43+£0.51 18.523 <0.001

(*) Man Whitney test, p value set significant at <0.05, (*) Independent sample t test, p value set significant at <0.05,
(*)Significance considered at p < 0.05

Hb: Hemoglobin, WBCs: White blood cells, TG: Triglycerides, Chol: Cholesterol, HbAlc: Glycated hemoglobin, eGFR:
Estimated glomerular filtration rate, FABP1: Fatty acid binding protein 1, FABP2: Fatty acid binding protein 2.
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Table 4: frequency of different types of complications among diabetic group of patients

Variables
Diabetic
N =164 %
Diabetic nephropathy No 153 933
Yes 11 6.7
cardiac complication No 141 86.0
Yes 23 14.0
eye complication No 141 86.0
Yes 23 14.0
neuro complication No 141 86.0
Yes 23 14.0
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Fig 1: Correlation between serum FABP1 levels and fasting insulin in patients with type 2 diabetes mellitus.
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Fig 3: Roc curve analysis of FABP1 for the diagnosis of type 2 diabetes mellitus.
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Fig 4: Roc curve analysis of FABP2 for the diagnosis of type 2 diabetes mellitus.
Table 5: Receive operating characteristic (ROC).

Area Under the Curve

Test Result Variable(s): FABP1

Area Std. P value Asymptotic 95% Cutoff Sensitivity
Error® Confidence Interval
Lower Upper
Bound Bound
0.929 0.015 <0.001 0.901 0.958 28.50 97.0%

Specificity

83.1%

The test result variable(s): FABPI has at least one tie between the positive actual state group and the negative actual
state group. Statistics may be biased.

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

Area Under the Curve

Test Result Variable(s): FABP2

Area Std. P value Asymptotic 95% Cut off Sensitivity
Error Confidence Interval
Lower Upper
Bound Bound
0.910 0.017 <0.001 0.878 0.943 2.950 87.8%

Natural Resources for Human Health (NRFHH)
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76.5%
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The test result variable(s): FABP2 has at least one tie between the positive actual state group and the negative actual
state group. Statistics may be biased.

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

DISCUSSION

The present study investigated the association between circulating fatty acid binding proteins FABP1 and FABP2 and Type 2
Diabetes Mellitus (T2DM), along with their relation to metabolic parameters, lifestyle factors, and diabetes-related
complications. The findings show that FABP1 and FABP2 are elevated in individuals with T2DM compared with healthy
controls, and their concentrations showed strong correlations with indicators of glycemic control, obesity, lipid metabolism,
and cardiovascular disorder. Moreover, these elevations are associated with poor glycemic control, insulin resistance, increased
adiposity, reduced renal function, and also a higher prevalence of diabetes-related microvascular and macrovascular
complications.

In the present study, serum FABP1 levels were higher in diabetic patients, and also show strong positive correlations with
fasting insulin, fasting glucose, HbAlc, BMI, waist circumference, triglycerides, and total cholesterol. In line with the current
findings, there were several studies have reported elevated FABP1 levels in patients suffer from diabetes and significant
associations with metabolic and renal parameters. Lu et al. (2020) (16) demonstrated that FABP1 levels were elevated in patients
with T2DM and showed also positive correlations with BMI, waist circumference, triglycerides, and total cholesterol. Similarly,
Hassan et al. (2022) (20) reported elevated FABP1 levels in diabetic patients, with strong correlations with fasting glucose,
HbAlc, and insulin resistance markers, supporting the role of FABP1 in glucose and lipid dysregulation.

Moreover, similar associations were observed in type 1 diabetes, where El-Sayed et al. (2023) (21) found that FABP1 levels
were positively correlated with HbAlc and total cholesterol and negatively correlated with eGFR, further supporting the
link between FABPI1, poor glycemic control, and renal dysfunction. The strong positive correlations observed between
FABPI1 and fasting glucose, HbAlc, fasting insulin support the hypothesis that FABP1 is linked to hepatic insulin
resistance and lipid dysregulation.

The findings of the present study are supported by pervious experimental and mechanistic evidence highlighting the metabolic
role of FABPI1. Newberry et al. (2006) (7) demonstrated that FABPI is a key to regulate hepatic fatty acid uptake and triglyceride
metabolism, and that alterations in its expression contribute to metabolic dysfunction. Furthermore, Furuhashi and Hotamisligil
(2015) (22) reported that FABP family proteins are upregulated in conditions of metabolic stress, including obesity and insulin
resistance. Collectively, these studies provide biological support for the present findings and suggest that increased FABP1
levels reflect underlying metabolic stress and lipid dysregulation in diabetic patients.

In the present study, we observed positive association between circulating FABP1 levels and markers of poor long-term
glycemic control. Our findings also suggest that elevated FABP1 may be indicative of insulin resistance and hepatic lipid
abnormalities. Shi et al. (2012) (23) reported that serum FABP1 concentrations are elevated in conditions associated with
chronic metabolic dysfunction as obesity and insulin resistance.

Furuhashi & Hotamisligil (2008) (5) focused on that FABPs in metabolic disease rather than on FABP1 and HbA Ic, this paper
highlighted the role of lipid-protein interactions in chronic metabolic stress, which provides support for our results.

FABP2 is expressed in intestinal enterocytes and plays a role in absorption of fatty acid and lipid metabolism. In the current
study FABP2 levels were also significantly elevated among individuals with T2DM and showed positive correlations with fasting
insulin. These findings are consistent with pervious evidence indicating that FABP2 is closely associated with metabolic
dysregulation in diabetes. Tsai et al. (2020) (14) reported that FABP2 levels elevated
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in patients with T2DM, with significant associations observed between FABP2 and glycemic indices, lipid profiles, and insulin
resistance markers. Also, Weiss et al. (2002) (24) reported that alterations in FABP2 are linked to impaired fatty acid handling
and insulin sensitivity, further supporting its role in glucose and lipid metabolism.

FABPs play a role in linking nutrient absorption with metabolic and inflammatory signaling. Makowski and Hotamisligil (2004)

(9) highlighted that FABPs act as intracellular lipid chaperons and mediators of lipid-derived signals that influences metabolic
and inflammatory pathways. The observation that FABP1 and FABP2 are elevated in individuals with T2DM compared with
healthy controls with clinical investigations demonstrating associations between increased FABP levels and metabolic disease
states. Xu et al. (2022) (25) reported that patients with T2DM, both FABP1 and FABP2 levels rise in parallel with disease
severity and associated with diabetic nephropathy that support their potential utility as biomarkers of metabolic dysregulation.

The present study observation that lifestyle-related factors may influence FABP1 and FABP2 levels that provides insight into
the mechanisms linking proteins to metabolic stress. Individuals with higher levels of FABP1 and FABP2 were more likely
consume high-carbohydrate diets, minimal physical activity, have low fiber intake, and sleep fewer hour. Xu et al. (2020) (25)
reported that FABP1 and FABP2 levels elevated in individuals with T2DM and correlate with disease progression as well as
the presence of diabetic complications.

In this study, the high diagnostic accuracy observed for FABP1 and FABP2 with AUC values of 0.929 and 0.910 respectively,
aligns with evidence that FABP isoforms show promise as biomarkers of diabetic complications. Similar variability in AUC
values among FABP isoforms has been reported in previous studies, suggesting that differences in diagnostic performance may
be influenced by disease stage, population characteristics, and methodological factors (26,27).

In summary, the results of this study showed strong agreements with previously published research. FABP1 and FABP2 levels
elevated in diabetic individuals, also their correlations with glycemic and correlations with lipid markers, and their association
with macrovascular and microvascular complications. These findings support the broader hypothesis that FABP1 and
FABP2 serve not only a marker of metabolic stress, but also as potential contributors to the pathophysiology of T2DM and
it is complications.

CONCLUSION

This study demonstrates that FABP1 and FABP2 levels are increased in individuals with T2DM compared with healthy controls.
Also, FABPI and FABP2 show strong associations with metabolic abnormalities as hyperglycemia, insulin resistance,
dyslipidemia, obesity, and impaired renal function. Their consistent correlations with fasting glucose, HbA I ¢, fasting insulin,
BMLI, triglycerides, and total cholesterol underscore their integral role in metabolic dysregulation and highlight their potential
value as sensitive biomarkers of metabolic stress.

The study also demonstrates that elevated levels of FABP1 and FABP2 are linked to diabetes-related complications as
nephropathy, neuropathy, retinopathy, and cardiovascular disorders. This relationship supports the proposition that these
proteins may serve as early indicators of tissue injury and vascular dysfunction.

Additionally, the associations of FABP1 and FABP2 with lifestyle factors as dietary habits, physical activity, and sleep patterns
highlight their responsiveness to modifiable behaviors. These findings emphasize the importance of integrating lifestyle
interventions alongside clinical monitoring in order to mitigate metabolic risk and improve health outcomes among diabetic
individuals. FABP1 and FABP2 also exhibited excellent diagnostic performance in ROC analysis, suggesting their potential as
complementary biomarkers for identifying individuals at metabolic risk and to monitor diabetes progression.

Overall, this study highlights the essential role of FABP1 and FABP2 in the pathophysiology of T2DM and suggest that these
proteins may serve as biomarkers for early detection, risk stratification, and assessment of complications. Future longitudinal
and mechanistic studies are recommended to determine the predictive value of FABPs and to explore their potential as
therapeutic targets in metabolic disease.
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